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The launch of the International Organization for Standardization's ISO 14001 ('Environmental management systems -Specification with guidance for use') in 1996 indicated to many businesses that ad hoc environmental management was no longer an option. For an increasing number of organisations, regulations, business drivers and the public environmental and social concerns had reached a level where a more strategic and systematic approach to environmental challenges was necessary. The resultant rapid rise in corporate environmental management and accompanying discourse is already well charted and critiqued (e.g. Rondinelli and Vastag 2000; Sandström 2005) .
Contemporaneously, life cycle assessment (LCA) began to produce convincing evidence that intuition was no longer enough either. 'Natural' products were found to be not necessarily environmentally optimal. Many 'counter-intuitive' outcomes from LCA studies indicated the need for a closer systemic approach to identify and document impacts along the process chain and life time of products and services. Business began to take a greater interest in LCA (Frankl and Rubik 2000) and a series of texts appeared on the subject (e.g. Curran 1996; Ciambrone 1997; Graedel 1998) . The physical sciences and engineering disciplines began to recognise LCA as a tool to help reconcile values, technological impacts and the environment (Hofstetter 1999 ) and the United Nations (UN) began to envisage the global roll-out of LCA practice (UNEP 2000) .
As the roll-out gathers pace, this book is intended to provide scholars and professionals across a range of disciplines with a critical perspective on the practice of LCA and its possible future directions. It is not intended as a guide or handbook, of which there are several already (e.g. Baumann and Tillman 2004) . Instead, theory, methodologies and applications of LCA are critically examined. Key developments, challenges and opportunities are illustrated with case studies.
This chapter, as well as introducing subsequent chapters, charts the origins of LCA and then defines the technique before placing it within the wider context of environmental management and assessment.
LCA origins
Humans have long been concerned with the energy efficiency of technologies and the services they provide. Perennial questions arise from Newton's First Law of Thermodynamics -if energy is never lost, in what proportions does it dissipate through various processes? What is the energy benefit and loss in various processes? Also, specifically, for energy 'generation' (i.e. 'conversion'), how much input energy is necessary to produce a given energy service? Then again, and perhaps most topically, what are the implications for climate change of different energy scenarios, and how can we identify optimal services from 'sustainable' levels of impact?
In the post-World War 2 era, a new generation of energy technologies -nuclear, geothermal, modern wind and other 'renewables' -tested the energy balance question. Energy analysis became increasingly complex, systemic and sophisticated through successive empirical developments. At first, the technique was typically used to assess production of a given unit of energy in a given form, examining immediate inputs on site in the production system. Inevitably, as more complex generation technologies were examined, so the analysis was extended. For example, the question of whether a given nuclear generation technology produced more energy than it consumed led researchers to look beyond the generation facilities themselves to 'yellow cake' production and uranium mining, long-term waste management, and even to the impacts of transport (of personnel, materials and equipment) and associated research, development, marketing and management services. This was a precursor to what became known as 'life cycle analysis', a systematic process-oriented approach to identifying energy inputs in the production of energy services.
In the late 1960s, the first Resource Environmental Profile Analyses (REPAs) were undertaken and these became the forerunners of modern LCA. Notably, Coca Cola Amatil commissioned work by a group of researchers (later to become Franklin Associates) in the United States of America (USA) to investigate the resources and environmental profile of different packaging materials for their products (Hunt et al. 1974) . Oil shortages in the early 1970s led to a focus back on energy analysis. However, by the mid-1980s, multi-criteria systematic inquiry had spread to include nappies, appliances, automobiles and housing. Interchangeable terms were used to describe these studies including eco-balances, cradle-to-grave analysis, and life cycle analysis. In 1990, the term 'life cycle assessment' was proposed and agreed upon by those attending a workshop in Vermont, USA, held by the Society of Environmental Toxicology and Chemistry (SETAC).
Rapid development followed, as LCA grew into a body of systematic, inclusive, analytical approaches to environmental impact assessment. SETAC then embarked on the development and extension of LCA, publishing various 'best-practice' guides (e.g. Barnthouse et al. 1997; Kotaji et al. 2002; Udo de Haes et al. 2002) and advice on LCA simplification and methods (e.g. Udo de Haes 1996; Christiansen 1997) . Applications to public policy and particular sectors, such as building and construction (Kotaji et al. 2003) , were also examined as well as the application of LCA to more embedded management modes within organisations (Hunkeler et al. 2004) .
In 2002, the United Nations Environment Programme (UNEP) and SETAC formed the UNEP/SETAC Life Cycle Initiative to assist development and uptake of LCA. Building upon a base of practice in several European countries, the USA and Japan, this initiative seeks to enable users to put life cycle thinking into practice. This has generated focus on the 'new' manufacturing centres in Asia (including the subcontinent and eastern Asia), Africa and South America. Hence, as the production centres of modern manufacturing shifted through the effects of globalisation, so LCA practitioners followed, further developing methods and techniques for calculating the environmental impacts of production and consumption systems. The apparent interdependence of evolving LCA practice and demand across geographic regions has specific implications in Australia.
LCA definition, standards and process
Although many definitions exist, LCA essentially comprises a systematic evaluation of environmental impacts arising from the provision of a product or service. The original Interna-tional Organization for Standardization (ISO) definition provides some indication, although it is self-referencing: 'compilation and evaluation of the inputs and outputs and the potential environmental impacts of a product system throughout its life cycle' (ISO 1997, p. 2) . Generic LCA method requires that all the main inputs to the processes that provide the service are taken into account, as well as the processes and materials that feed into those processes, and so on back 'up' the supply chains of the various materials in the product to the raw resource inputs. These raw inputs are invariably energy-based -the coal mine or oil well -rather than simply raw materials. For example, making bricks may require brick clay and an extraction quarry, but this process operates with fossil fuel-powered machinery. Hence, although bricks are made from quarried clay and other materials, at the end of this process is the oil well or coal mine required to drive the steel mill to make the machinery used in clay extraction.
International standards assist in the specification, definition, method and protocols associated with undertaking, reviewing and reporting LCA studies. ISO 14040 describes the principles and framework for life cycle assessment. The original standard (produced in 1997) was updated in 2006 (ISO 2006a) . This 'core' standard includes guidance on defining the goal and scope of an LCA study, development of the life cycle inventory, the life cycle impact assessment, and interpretation ( Fig. 1.1 ). It also indicates reporting and critical review parameters and limitations of LCA. However, it does not describe the LCA technique in detail, nor does it specify how to undertake individual phases of the LCA. More detail is provided in ISO 14044 (ISO 2006b), which together with ISO 14040:2006 replaces other former LCA-related standards (ISO 14040:1997 , ISO 14041:1999 , ISO 14042:2000 and ISO 14043:2000 . Further standards deal with issues such as data documentation formats. Additional guides to the standards seek to provide more detail on their application in practice (e.g. Guinee 2002 ). However, not all regions have adopted the updated standards at the time of writing (e.g. Australia and New Zealand, AS/NZS ISO 1998).
For any LCA, appropriate framing of the key 'question' forms part of the definition of the goal and scope, including setting the functional units of the study. For example, a comparative Publishing, 2009, 192pp LCA of two coffee machines may indicate that the more durable, heavily built of the two has the higher environmental impact, if the product comparison is based on the product level. If, however, it is based on the functional level, we may find that the more durable product has a life-span which enables it to produce five times as many cups of coffee over its lifetime. Notwithstanding any functional differences in coffee quality, aesthetic quality, obsolescence or maintenance, this quality alone may reverse the outcome of the LCA comparison, simply by taking as the functional unit 'impact per production of 10 000 cups of coffee' rather than 'impact per coffee machine'. The most well-known application of LCA is in comparing the 'total' environmental impact of a product or service with an alternative (comparable) product or service. UNEP refers to LCA as a tool to reveal 'the world behind the product' (Fava 2002) . Hence, LCA is often considered a tool that provides 'the answer' to the question of which product has least environmental impact. However, LCA can reveal things other than the answer. It can also fail to reveal the answer at all, if the question is not precisely and appropriately framed (see Chapter 4 for further discussion of this point).
Defining the scope involves determining the appropriate limits of the analysis. This includes identifying the entire production and disposal or recycling process of the materials and services involved in the life cycle of the product or service being studied (and any comparative product or service). The components involved in delivering the product or service should be included, as well as all inputs to those components, and the inputs to those inputs, and so on. It also includes the outputs, emissions and wastes produced at all stages of the product or service delivery -both 'pre-consumption' and 'post-consumption'. Decisions may be taken to 'truncate' the system for practical purposes, and quick estimates of impacts more distant from the central processes may be undertaken to check that they are negligible and can be disregarded from a detailed assessment.
The resultant 'process chains' in the products or services under comparison may be significantly different. For example, a wool carpet and a synthetic carpet (for which an appropriate functional comparison might be 'the provision of 1 m 2 of carpet for 10 years') would have very different process chains, one being dominated by agricultural inputs and processes, the other by industrial ones. This example also raises the issue of allocation of impacts; while sheep farming produces wool, it also produces other animal products and the total impact of sheep farming is therefore only partly attributable to wool, with the remainder attributable to meat, hide and other sheep farming products.
The inventory is the result of compiling all environmental 'flows', including resource use inputs and waste or pollution outputs. This inventory provides a lower estimate of the environmental burdens that the product or service places upon the environment. However, the relative importance of these burdens requires some measure or indicator of impact. Inventory data can only be converted into impact results through the use of appropriate algorithms or indicators of environmental burden related to damage or importance. This is where primary fossil fuel energy used in delivering the product or service is converted into climate impacts, local air pollution, and so on. A range of eco-indicator and related environmental impact factors have been developed for use in LCA. However, ISO 14040 acknowledges that these must not be blindly applied to different temporal, spatial and product or service conditions. Hence, all results must be subject to reflective interpretation by an experienced LCA practitioner.
LCA and environmental management
LCA has considerable data requirements, and the 'question' -goal and scope -must be carefully framed. Indeed, LCA uptake has arguably been compromised by these difficulties.
Nevertheless, LCA has rapidly developed an important niche within the growing arenas of environmental management, policy and planning.
There is a spectrum of environmental management tools and techniques, ranging from the overarching 'visioning' type, to the specific 'assessment' type, to communication and reporting. Among the first type, which fosters sustainability within public, corporate and other organisations, The Natural Step is designed to assist an organisation to set environmental objectives and to re-think and change around these objectives. It advocates backcasting from principles and consensus processes to advance society towards sustainability through organisational change. Notwithstanding the institutional limits of such techniques (Sandström 2005) , LCA can help inform change by providing information about environmental burdens of products and services associated with any organisation. LCA is particularly useful in decisions requiring comparison of environmental outcomes and can be extended through tools such as Multi-Criteria Assessment, where quantitative and qualitative information is ranked and assessed across different environmental criteria.
Systematic tools to assess, monitor, document, manage and maintain environmental performance are often modelled on ISO 14001 or similar environmental management systems, which in turn have their origins in quality management. These management approaches may also incorporate or usefully draw upon LCA, especially where specific LCA studies have been undertaken to investigate particular processes, products or services associated with the organisation concerned.
Environmental management outcomes are typically reported in order to demonstrate compliance or performance. A range of environmental reporting systems and initiatives exist, either for Global Reporting Initiative (GRI) compliance or more general 'Triple Bottom Line' or environmental corporate reports. Here, LCA mainly provides background evidence for assessment of environmental benefits, burdens or burdens foregone.
There are a wide range of other applications of LCA to 'environmental assessment'. For example, popular 'eco-footprint' and related calculators and tools may use LCA data, and advisory program information may draw on LCA results; for instance, in stating that compact fluorescent lamps generate lower environmental impacts than incandescent varieties. The 'new' tools of community engagement and 'behaviour change' for environmental outcomes may also draw on LCA data either in modelling or substantiating potential benefits of particular changes. LCA, like any modelling technique, is only as good as the modeller and the assumptions and data employed in the exercise. Indeed, this assertion is a central theme in this book.
Principles, practice and prospects for LCA: a reader's guide
While data challenges and complexities of application may have previously held LCA back, many of these are now reduced or at least are better understood. Various options exist for further improving data quality and convenience of use through quicker, easier and more ubiquitous access to LCA results while maintaining sufficient quality, accuracy and rigour. The data challenge and the balance between quality and quantity are also important themes for this book.
Given that a range of more or less qualitative judgements and unforeseen outcomes may affect the accuracy of predictions, how can LCA provide confidence in results? This is not straightforward, and indeed, LCA results have not always been accepted uncritically -often with good reason. The main strategies adopted to provide confidence are transparency and peer review. Both are strongly advocated in ISO standards.
In Chapters 2-5 LCA practice and a range of connected issues is described and critiqued. Chapter 2 charts the development of LCA and associated institutions, including SETAC, ISO, the Australian LCA Society (ALCAS) and the UNEP/SETAC Life Cycle Initiative. Policies and initiatives discussed include eco-design, cleaner production, waste management, biofuels, voluntary covenants and built environment regulations. Chapter 3 provides a detailed commentary of LCA in practice, including the different approaches and examples of how different stakeholders apply it. Chapter 4 provides a systemic critique of LCA and scrutinises its claim as an analytical approach to assessing sustainability. This chapter examines the process of problem-definition and focus on functionality and reveals LCA's limitations in dealing with wider social and consumption issues. Chapter 5 presents an empirical, practice-based perspective on how LCA varies across different geographic and environmental settings, using the example of Australia to reveal the limits of applying 'generic' data to assessing changes in 'unique' environments.
The central section of the book is dedicated to the practice of LCA, and is arranged around five principal topics: waste management, the built environment, water management, agricultural systems, and carbon and other greenhouse gas assessment. Shelter, water and food sit high on Maslow's hierarchy of essential human needs; hence the focus of three of these chapters. Waste and fossil carbon are current threats to the provision of such basic needs and raise deep questions about the efficiency and appropriateness of social and technical systems.
Chapter 6 explores waste 'management' and the role of LCA through case studies that examine the relative environmental benefits and costs of recycling paper and packaging waste, plastics and other waste fractions.
Chapter 7 commences with the policy context for 'sustainable' built environments. A series of case studies then explores the relevant applications of LCA, leading to a consideration of future directions for LCA in the built environment.
Chapter 8 focuses on water systems, including the water-related environmental impacts of technologies and product systems, and life cycle environmental impacts of water supply and servicing systems. The complex challenges of 'water in systems' and 'water service synthetic systems' leads to a wider discussion of water, design and social context.
Chapter 9 examines the LCA of agricultural systems, revealing problems with its application due essentially to the heterogeneity of such systems. Nevertheless, LCA has been successfully applied, and case studies reported here reveal results that may be regarded as controversial, counter-intuitive and/or simply surprising. Related debates and concepts, such as 'food miles', are also considered, as is the future of farming in an environmentally constrained world.
Chapter 10 examines the relationship between carbon assessment standards and LCA standards, and provides a critique of carbon offsetting from a life cycle perspective. Current and future issues for carbon management are also discussed, along with scrutiny of LCA and biomass technologies with particular reference to potential greenhouse gas savings through the substitution of fossil energy technologies.
Chapter 11 describes the rise of so-called 'quick LCA' and Life Cycle Management (LCM) tools, using contemporary examples. Discussion focuses on the need for decision support tools which provide readily available LCA information, and extends to ways in which 'decisionsupport' can be provided more readily to organisations. An overview of LCM leads to a stakeholder assessment of the needs of 'quick' LCA tools, which are then assembled into a series of design requirements. The development and application of two such 'quick LCA' tools are then explored through case studies.
Finally, Chapter 12 reflects critically on current LCA theory and practice and develops a prospective discussion of likely future trends in LCA to 2020. Drawing together the threads from LCA development to application and integration into current business practices, the role of LCA in influencing policy and governance in the transition towards sustainability is assessed. We also consider the factors affecting the role of LCA in assisting this transition, together with a range of other 'ingredients' that shape the prospects and uptake of LCA between now and 2020.
